Organophosphorus (OPs) and organochlorine (OCs) pesticides are synthetic organic compounds used mainly in agriculture to manage pest problems. Human is occupationally and environmentally exposed to pesticides via inhalation, ingestion and skin absorption. When the pollutant enters
(DDT), methoxychlor, dieldrin, chlordane, toxaphene, lindane and benzene hexachloride (Fig. 1) . OPs are the most widely used agricultural chemicals which replaced OCs because of their rapid degradation in the environment. However, they have greater acute toxicity including headaches, nausea and cardiovascular effects. The most notable compounds in this group include fenthion, parathion and chlorpyrifos which are under strict regulation (CDC, 2009; US EPA, 2013) . OPs tend to be replaced with pyrethroids which were introduced in market in 1960s.
Human is multiply exposed to pesticides via inhalation, ingestion and skin absorption.
Population can be classified in groups with occupational or environmental exposure depending on the pathway of exposure to pesticides. Environmental exposure of the general population in metropolitan or rural areas occurs through dietary habits, indoor/ outdoor air and house dust which may include household use of insecticides and drinking water or consumption of food containing residues of the pollutants (Tsakiris et al., 2013; Tsakiris et al., 2015; Tsatsakis et al., 2003) . Occupationally exposed population group includes farm workers, pesticide applicators, sprayers and harvesters.
Another group includes accidentally exposed population and acute poisonings via inhalation or ingestion (Bradman et al., 2007; Rothlein et al., 2006; Thompson et al., 2008; Wilson et al., 2010) . The human risk and the severity of adverse effects are determined by the total exposure, which depends on the route or exposure pathway and the type of the pesticide (EFSA, 2008) .
Each category of pesticide is reported to have different toxicity in humans depending on the mode of action, the metabolic pathways, the lipophilic character of the compound, the dose, the duration of exposure, and the exposure route.
All pesticides are compounds that interfere with biochemical and metabolic pathways to reach their aim and be effective against insects.
However, their toxicity is not specific and also humans are at risk.
All pesticides affect mainly the central nervous system. When a pesticide enters human body it is rapidly metabolized to more toxic compounds than the parent compound (Barr et al., 2004; Tyler et al., 2000) . Exposure to OPs induces inhibition of the acetylcholinesterase enzyme (AChE) which consequently causes overstimulation by the excess of acetylcholine (Ach). It seems that OPs disrupt the glucose homeostasis leading to elevated serum glucose levels (Amanvermez et al., 2010; Everett and Matheson, 2010) . Chronic exposure to OPs has been linked to neurological, psychiatric and cardiac effects, birth effects including teratogenicity, cancer and eye defects DDT (organochlorine) . The R 3 group in OPs' structure determines the physicochemical properties of the pesticide (PAN-UK.ORG). OPs are reported to be mutagenic, carcinogenic (Dolapsakis et al., 2001; Sarabia et al., 2009) , cytotoxic (Giordano et al., 2007) , genotoxic (Cakir and Sarikaya, 2005) , teratogenic (Kang et al., 2004) and immunotoxic (Yeh et al., 2005) . OCs are persistent lipophilic compounds that remain in the human body, they are not metabolized but they tend to accumulate in organ tissues (Androutsopoulos et al., 2013) . OCs are possibly related with obesity, adipogenesis and insulin levels (Casals-Casas and Desvergne, 2011; Lee et al., 2011) . g (1997), 3.8 ng/g (1998) and 1.0 ng/g (1999) in organic olive oil. Lower levels for dimethoate were detected probably due to its higher water solubility. These values are lower than the maximum residue levels (MRLs) for olive oil according to FAO/WHO (1998) which are 1000 ng/g for fenthion and 50 ng/g for dimethoate. It was observed that pesticides levels were decreasing from year to year indicating a turn to organic cultivation.
Residues of DDT and its metabolites were monitored in 196 milk samples of various pasteurized commercial types collected from the Greek market (Tsakiris et al., 2015) . The detected levels of DDT and its metabolites in the milk samples were lower than the Maximum Residue Levels (40 μg/kg for sum of DDTs) specified in Both urine and hair matrices gave higher levels of DAPs in agricultural workers than in rural residents-control group. The detection rates of DAPs for both control and sprayers groups were high in both matrices. The median levels and the percentage detection rates are in Table 1 .
Data analysis revealed that these correlations are statistically significant (p<0.001) (Kokkinaki et al., 2014; Koureas et al., 2014) . SumDAPs levels in hair samples of the sprayers are significantly higher than in the hair of control group (p<0.001),
confirming the long-term exposure to OPs (Fig. 2) . Meconium starts to be produced after 16
weeks of gestation and it is not excreted until birth.
Consequently, pollutants that fetus is exposed to through his mother, are accumulated and it can be considered as a suitable matrix for the assessment of fetal exposure to OPs (Tsatsakis et al., 2009a) . America is that general population is less exposed to pesticides relatively to pesticide applicators for both continentals (Fig. 4) . However, it seems that exposure to pesticides is greater for Europeans than Americans. et al., 2014) and impaired neurodevelopment in children (Eskenazi et al., 2010) . It is still a controversial issue whether low exposure to OCs can be related with impairment of cognitive function leading to dementia and Alzheimer disease (Singh et al., 2013; Medehouenou et al., 2014; Kim et al., 2015; Richardson et al., 2014) .
Samples from mothers in
Hair analysis gives information about chronic exposure to pollutants and therefore it is the most appropriate matrix for the assessment of human exposure to persistent organic pollutants (POPs) like organochlorine pesticides (Tsatsakis et al., 2008a) . Hair samples of 222 rural residents in Helia Peloponnesus (Greece) were collected and analyzed for DDTs (opDDE, ppDDE, opDDD, ppDDD, opDDT, and ppDDT) and (Eskenazi et al., 2004) , the CCCEH cohort (Perera et al., 2003; Whyatt et al., 2004) and the Mount Sinai cohort (Berkowitz et al., 2004; Wolff et al., 2007) have investigated the associations between maternal exposure to pesticides during pregnancy and effects on gestation and newborns. The results showed that exposure to OPs is negatively associated with gestation duration (Eskenazi et al., 2004) , birth weight and birth length (Whyatt et al., 2004) . Prenatal and postnatal exposure to OPs was associated with pervasive development disorder, decreased cognitive abilities ) and attention problems not only in newborns but in 5-year old children (Marks et al., 2010) . Rauh and co-authors (2006) confirmed these findings and also proposed that chlorpyrifos is significantly associated with both mental and motor delays and hyperactivity disorder.
Pesticide exposure in male adults is significantly associated with sperm DNA damage and fragmentation (Ji et al., 2011; Meeker et al., 2008; Sanchez-Pena et al., 2004) . A significant decrease in sperm concentration, sperm motility, sperm count and sperm volume is reported among individuals with high OP exposure (Perry et al., 2007; Recio-Vega et al., 2008; Yucra et al., 2008; Ji et al., 2011; Xia et al., 2008) . (Porta et al., 1999) . Occupational exposure to pesticides increases the incidence of non-Hodgins lymphoma especially during the high pesticide use period (Roulland et al., 2004) .
Occupational risk of pesticide exposure is an important determinant of mutation development at key-genes involved in cellular proliferation and cell cycle control. The exact mechanisms that underlie the progression of a "healthy" to an "oncogenic" genotype in human populations exposed to pesticides remain unclear, mainly due to the plethora of chemical used, the main route and severity of exposure, as well as the complexity of genomic information of each population.
Conclusions
In summary, human is either occupationally, dietary or environmentally exposed to pesticides. Berkowitz G.S., Wetmur J.G., Birman-Deych E., Obel J., Lapinski R.H., Goldbold J.H., Holzman I.R., Wolff M.S. (2004) In utero pesticides exposure, maternal paraoxonase activity, and head circumference. Environmental Health Perspectives, 
